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GXULQJWKHSODQQLQJSURFHVV7KLVZRUNSUHVHQWVDGHFLVLRQDLGWRROIRUWKHRSWLPDOGHVLJQDQGRSHUDWLRQRI:'1VIRU
DORQJSODQQLQJKRUL]RQXVLQJPXOWLVWDJHGHVLJQDQGPXOWLSOHREMHFWLYHVWRDFFRXQWIRUXQFHUWDLQW\
7KH RSWLPL]DWLRQ RI WKH GHVLJQ DQG RSHUDWLRQ RI :'1V KDV EHHQ YLHZHG DV D VLQJOHREMHFWLYH OHDVWFRVW
RSWLPL]DWLRQSUREOHPZLWKSLSHGLDPHWHUVEHLQJWKHSULPDU\GHFLVLRQYDULDEOHV2QHRIWKHILUVWDWWHPSWVZDVSURSRVHG
E\ >@ DQG VRPH GHYHORSPHQWV ZHUH LPSOHPHQWHG E\ >@ >@ 7KHVH VWXGLHV IRFXV PRVWO\ RQ FRVW PLQLPL]DWLRQ
IRUPXODWLRQV$QXPEHURIUHVHDUFKHUVKDYHQRWHGWKDWWKHRSWLPDOGHVLJQRI:'1VLVDPXOWLREMHFWLYHSUREOHPVLQFH
LW LQYROYHV FRPSURPLVHV EHWZHHQ FRQIOLFWLQJ REMHFWLYHV VXFK DV FRVW UHOLDELOLW\ DQG HQYLURQPHQWDO LVVXHV 6RPH
OLPLWDWLRQV RI VLQJOHREMHFWLYH RSWLPL]DWLRQ DSSURDFKHV DUH GHVFULEHG LQ >@ ZKLFK  XVHV DPXOWLREMHFWLYH EDVHG
JHQHWLF DOJRULWKP WR DYRLG WKHVH GLIILFXOWLHV 7KH ZRUNV RI >@ >@ LQFOXGH PXOWLREMHFWLYH DSSURDFKHV WR WKH
RSWLPL]DWLRQRI:'1V0XOWLREMHFWLYHSUREOHPVOHDGWRDVHWRIVROXWLRQVZKLFKDUHWUDGHRIIVEHWZHHQWKHREMHFWLYHV
7KDWLVWRVD\WKH\DUHHTXDOO\JRRG3DUHWRRSWLPDOVROXWLRQVDQGGHILQHGDVQRQLQIHULRURUQRQGRPLQDWHGVROXWLRQV
1RQHRIWKHREMHFWLYHVRIDQ\RIWKHPFDQEHLPSURYHGZLWKRXWGHJUDGLQJVRPHRWKHUREMHFWLYH
7KLVVWXG\DLPVDW LQFOXGLQJHQYLURQPHQWDO LVVXHV LQ WKHPXOWLREMHFWLYHPRGHO IRU WKHGHVLJQDQGRSHUDWLRQRI
ZDWHUQHWZRUNV7KHFDUERQHPLVVLRQVFDXVHGE\WKHFRQVWUXFWLRQDQGRSHUDWLRQRIZDWHUQHWZRUNVPXVWWKHUHIRUHEH
TXDQWLILHG7KHOLWHUDWXUHFRQWDLQVDQXPEHURIVWXGLHVWKDWLQFOXGHWKHVHLVVXHV>@FRPSDUHWKHHQYLURQPHQWDOLPSDFW
RIGLIIHUHQWSLSHPDWHULDOV>@FRPSDUHWKHPLQLPXPFRVWGHVLJQZLWKWKHVXVWDLQDEOHHQYLURQPHQWDOGHVLJQDQG>@
SUHVHQWVDQLQGH[EDVHGPHWKRGWRDVVHVVWKHHQYLURQPHQWDOLPSDFWRIZDWHUVXSSO\V\VWHPV7KHSURFHVVZHXVHGWR
FRPSXWHWKHFDUERQHPLVVLRQVLVEDVHGRQWKHZRUNRI>@7KHFDUERQHPLVVLRQVZHUHFDOFXODWHGEDVHGRQWKHZKROH
OLIHF\FOHLQFOXGLQJWKHH[WUDFWLRQRIWKHUDZPDWHULDOVWUDQVSRUWPDQXIDFWXUHDVVHPEO\LQVWDOODWLRQGLVDVVHPEO\
GHPROLWLRQDQGRUGHFRPSRVLWLRQ7KHFDUERQHPLVVLRQVIURPWKHHQHUJ\XVHGGXULQJWKHQHWZRUN¶VRSHUDWLRQPDLQO\
E\SXPSLQJVWDWLRQVDUHDOVRFRPSXWHG
7KLV ZRUN GHVFULEHV D QRYHO PXOWLREMHFWLYH PRGHO IRU WKH RSWLPL]DWLRQ RI:'1V FRQVLGHULQJ WKUHH GLIIHUHQW
REMHFWLYHVDVZHOODVDPXOWLSKDVHGGHVLJQVFKHPHWKURXJKWKHXVHRI5HDO2SWLRQV52V52VZHUHSURSRVHGE\
>@DQGRULJLQDOO\FRPHIURPILQDQFLDOWKHRU\$QXPEHURIVWXGLHVKDYHEHHQSXEOLVKHGZKHUHWKHFRQFHSWVRI52V
KDYHEHHQXVHGLQVHYHUDOILHOGVVXFKDVE\>@LQLQGXVWULDOSURFHVVHV>@LQFDUSDUNLQJSUREOHPV>@LQPDULWLPH
FRVWDOGHIHQVHVDQG>@LQDZDWHUVXSSO\V\VWHPSUREOHP7KH52VDSSURDFKSURSRVHGKHUHDLPVWRKDQGOHIXWXUH
XQFHUWDLQW\DVVRFLDWHGZLWKQHZH[SDQVLRQ VFHQDULRV IRU WKHQHWZRUN$PXOWLSKDVHGGHVLJQHQDEOHV WKHGHFLVLRQ
PDNHUVWRDFWLYHO\PDQDJHWKHFRQILJXUDWLRQRIWKHQHWZRUNDQGDGDSWLWZLWKRXWMHRSDUGL]LQJSUHYLRXVLQYHVWPHQWV
$GHFLVLRQWUHHWRUHIOHFWWKHGLIIHUHQWLQWHUYHQWLRQVWUDWHJLHVWKDWPLJKWEHGHSOR\HGGXULQJWKHSODQQLQJKRUL]RQLV
LPSOHPHQWHG7KHRSWLPDOGHVLJQRI:'1VFRQVLGHULQJ52VLQDVLQJOHREMHFWLYHDSSURDFKWRPLQLPL]HFRVWVZDV
LPSOHPHQWHGLQE\WKHDXWKRUVLQ>@
$PXOWLREMHFWLYHPHWKRG EDVHG RQ VLPXODWHG DQQHDOLQJ LV XVHG WR VROYH WKHPRGHO 6LPXODWHG DQQHDOLQJZDV
SURSRVHG E\ >@ DQG LW FDQ VROYH ODUJH QRQOLQHDU FRPSOH[ SUREOHPV $ OLWHUDWXUH UHYLHZ VKRZV WKDW VLPXODWHG
DQQHDOLQJKDVEHHQXVHGLQ:'1VIRUVLQJOHREMHFWLYHRSWLPL]DWLRQPRGHOVDQGVKRZQJRRGSHUIRUPDQFHV>@>@
DQG>@7KHPXOWLREMHFWLYHRSWLPL]DWLRQWRROXVHGLQWKLVZRUNLVEDVHGRQ>@7KHUHVXOWVDUHSORWWHGXVLQJWKH
$HUR9LVYLVXDOL]DWLRQWRRO>@7KHUHVWRIWKLVFRPPXQLFDWLRQLVRUJDQL]HGDVIROORZVWKHQH[WVHFWLRQVHWVRXWWKH
FDVHVWXG\DQGSUHVHQWVWKHIXWXUHVFHQDULRVRSWLRQVWKHPXOWLREMHFWLYHGHFLVLRQPRGHOHVWDEOLVKHGDFFRUGLQJWRDQ
52VDSSURDFKLVSUHVHQWHGLQVHFWLRQDQGWKHQWKHUHVXOWVDUHVHWRXW)LQDOO\WKHFRQFOXVLRQVDUHLQVHFWLRQ
&DVHVWXG\
$VLPSOHFDVHVWXG\ LVXVHG WRGHPRQVWUDWH WKHDSSOLFDELOLW\RIRXUDSSURDFK7KH:'1SUHVHQWHG LQ)LJ LV
GHVFULEHGLQ>@,WLVDVPDOOQHWZRUNVXSSOLHGE\WKUHHUHVHUYRLUVZLWKIL[HGOHYHOVDQGDSXPSLQJVWDWLRQDWOLQN
GRZQVWUHDPRIUHVHUYRLU

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)LJ:DWHUGLVWULEXWLRQQHWZRUNLQ>@
,Q)LJWKHOD\RXWRIWKHQHWZRUNWKDWKDVWREHGHVLJQHGLQWKHILUVWVWDJHLVHQFORVHGE\WKHGDVKHGOLQHLQFOXGLQJ
SLSHVWR+RZHYHUWKLVFDVHVWXG\DOVRFRQVLGHUVWKHSRVVLELOLW\RIH[SDQGLQJWKHQHWZRUNWRIRXUPRUHDUHDV$
$ $ DQG $ HQFORVHG E\ HOOLSVHV )XUWKHUPRUH ZH FRQVLGHU DQRWKHU DUHD $ ZKHUH LW LV SRVVLEOH WKDW WKH
SRSXODWLRQGHFOLQHV7KHFKDUDFWHULVWLFVRIWKHQRGHVZKLFKLQFOXGHWZRGLIIHUHQWPLQLPXPSUHVVXUHVYDOXHVDQGWKH
FKDUDFWHULVWLFV RI WKH SLSHV FDQ EH IRXQG LQ >@ 7KH RSWLPDO GHVLJQ RI WKH ZDWHU QHWZRUN FRQVLGHUV  SRVVLEOH
FRPPHUFLDOGLDPHWHUVSUHVHQWHGLQ7DEOHJLYLQJWKHXQLWFRVW+D]HQ:LOOLDPVFRHIILFLHQWDQGWKHFDUERQHPLVVLRQV
IRUHDFKGLDPHWHU7KHVHFDUERQHPLVVLRQYDOXHVDUHFRPSXWHGXVLQJDSURFHGXUHSURSRVHGE\>@
7DEOH'LDPHWHUXQLWFRVWVFDUERQHPLVVLRQVDQG+D]HQ:LOOLDPVFRHIILFLHQWV
'LDPHWHUV
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P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 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
7KHSURSRVHG52VDSSURDFKFDQFRQWHPSODWHVHYHUDOSRVVLEOHH[SDQVLRQDUHDVIRUWKHQHWZRUNGHSHQGLQJRQIXWXUH
FRQGLWLRQV6RPHSDUWVRIWKHZDWHUQHWZRUNFRXOGEHH[SDQGHGZKLOHRWKHUVPD\VHHDGHFUHDVHLQZDWHUFRQVXPSWLRQ
7KHG\QDPLFVRIXUEDQJURZWKGXULQJWKHOLIHWLPHKRUL]RQKDVLPSDFWVRQWKHZDWHUGLVWULEXWLRQQHWZRUNDQGPXVW
WKHUHIRUHEHWDNHQLQWRDFFRXQWDWWKHSODQQLQJVWDJH
7KHSODQQLQJKRUL]RQIRUWKLVFDVHVWXG\LV\HDUVDQGLWLVGLYLGHGLQWRWKUHHSHULRGVRI\HDUVZKHQGLIIHUHQW
RSWLRQVFDQEHWDNHQ7KHGHFLVLRQWUHHLQ)LJVKRZVWKHSRVVLEOHIXWXUHFRQGLWLRQVIRUWKHQHWZRUN
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
)LJ'HFLVLRQWUHHIRUWKHSODQQLQJKRUL]RQDQGSUREDELOLWLHVRIRFFXUUHQFH
7KHGHFLVLRQ WUHH LVEXLOWEDVHGRQYDULRXVRSWLRQV WKDWFDQEH WDNHQ LQ WKH IXWXUH ,Q WKH ILUVWSHULRG7  WKH
QHWZRUNGHVLJQLVUHTXLUHGIRUSLSHVWR,Q7 IRXUGLIIHUHQWRSWLRQVDUHDYDLODEOHH[SDQVLRQWR$DQG$SLSHV
WRH[SDQVLRQWR$SLSHVWRH[SDQVLRQWR$SLSHVWRDQGQRH[SDQVLRQ)RUWKHODVWSHULRG7 
VRPHRWKHUH[SDQVLRQRSWLRQVDUHSRVVLEOHYL]H[SDQVLRQWR$DQG$SLSHVWRH[SDQVLRQWR$SLSHV
WRH[SDQVLRQWR$SLSHVWRDQGQRH[SDQVLRQ$GHFOLQHLQSRSXODWLRQLQDUHD$QRGHVDQGLVDOVR
FRQVLGHUHGZKHUHWKHFRQVXPSWLRQFRXOGGHFUHDVHE\7KHGHFLVLRQ WUHHLVEXLOWDVVXPLQJWKHPRVWSUREDEOH
IXWXUHFRQGLWLRQVIRUWKHFDVHVWXG\7KHSUREDELOLWLHVRIHDFKFKRLFHQRGHDUHVKRZQLQWKHVTXDUHV,QUHDOZRUOGFDVH
VWXGLHV WKHVH SUREDELOLWLHV FDQ EH JLYHQ E\ H[SHUW MXGJPHQW 7KH SUREDELOLWLHV RI VFHQDULRV DUH VKRZQ LQ WKH ODVW
EUDQFKHVRIWKHGHFLVLRQWUHH7KHVHYDOXHVDUHFDOFXODWHGE\PXOWLSO\LQJWKHSUREDELOLWLHVRIDOOQRGHVRQWKHGHFLVLRQ
SDWKIRUWKDWVFHQDULR
0XOWLREMHFWLYHRSWLPL]DWLRQSUREOHP
7KHPXOWLREMHFWLYHGHVLJQSUREOHPRIZDWHUGLVWULEXWLRQQHWZRUNVLQWKLVZRUNLVIRUPXODWHGZLWKWKUHHGLIIHUHQW
REMHFWLYHV7KLVPRGHO DLPV WRGHWHUPLQH WKH WUDGHRIIV EHWZHHQ D VHW RI VROXWLRQV DQG WKHREMHFWLYH IXQFWLRQV DUH
UHSUHVHQWHGLQH[SUHVVLRQVDQG
   L2 0LQ & &I   
   +3'2 0LQ   
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
ZKHUH&L FRVWRI WKH LQLWLDOVROXWLRQ WREH LPSOHPHQWHG IRU WKHILUVWSHULRG&I  IXWXUHFRVW +3' 
K\GUDXOLFSUHVVXUHGHILFLWPWRQ&2LVWKHHPLWWHG&2LQPHWULFWRQV
7KHFRVWPLQLPL]DWLRQLQH[SUHVVLRQLVWKHILUVWREMHFWLYHWREHGHWDLOHG7KHREMHFWLYHIXQFWLRQLVJLYHQE\WKH
VXPRIWKHLQLWLDOFRVW&LZLWKWKHIXWXUHFRVW&IRIDOOWKHVFHQDULRVFRQVLGHUHGLQWKHGHFLVLRQWUHHLQ)LJ7KHLQLWLDO
FRVWLVJLYHQE\WKHGHVLJQDQGRSHUDWLRQRIWKHQHWZRUNIRUWKHILUVWSHULRG7 DQGWKHIXWXUHFRVWLVDUULYHGDWE\
VXPPLQJDOOSRVVLEOHFKDQFHQRGHFRVWVVWDUWLQJIURPWKHVHFRQGSHULRG7 7KHVHYDOXHVDUHFRPSXWHGIRUHDFK
FKDQFHQRGHE\PXOWLSO\LQJWKHFRVWRIHDFKGHVLJQRSWLRQE\WKHSUREDELOLW\RIWDNLQJWKDWRSWLRQ
7KHVHFRQGREMHFWLYHIXQFWLRQJLYHQLQH[SUHVVLRQDLPVDWPLQLPL]LQJWKHWRWDOSUHVVXUHGHILFLWVFRQVLGHULQJDOO
SRVVLEOHFKDQFHQRGHVWKDWFDQEHWDNHQGXULQJWKHSODQQLQJKRUL]RQ7KHVHSUHVVXUHGHILFLWVDUHFRPSXWHGE\VXPPLQJ
WKHSUHVVXUHVLQVXIILFLHQFLHVIRUDOOQRGHV7KHYDOXHRIWKHWRWDOSUHVVXUHGHILFLWVFDQEHWDNHQDVDPHDVXUHRIQHWZRUN
SHUIRUPDQFHVLQFHVPDOOSUHVVXUHGHILFLWYDOXHVFRUUHVSRQGWRJRRGEHKDYLRURIWKHZDWHUQHWZRUNDQGKLJKYDOXHV
FRUUHVSRQGWRQHWZRUNVZLWKSRRUK\GUDXOLFEHKDYLRU7KHSURFHVVXVHGWRFRPSXWHWKHVHSUHVVXUHGHILFLWVDQGWKH
WKUHVKROGSUHVVXUHYDOXHVDUHERWKJLYHQLQ>@7KHSXUSRVHLVWRREWDLQKLJKHUPLQLPXPSUHVVXUHVDQGWKXVKDYH
IHZHUSUHVVXUHYLRODWLRQVIRUVFHQDULRVZLWKDKLJKSUREDELOLW\RIRFFXUUHQFH7KLVSURFHGXUHVKRXOGWKHUHIRUHSURYLGH
EHWWHUSHUIRUPDQFHIRUPRUHSUREDEOHIXWXUHVFHQDULRVRIWKH:'1$GHPDQGGULYHQWKHK\GUDXOLFVLPXODWRULVXVHG
EHFDXVHWKHSUHVVXUHGHILFLWVDOORZHGDUHQRWVHYHUH
,QH[SUHVVLRQWKHREMHFWLYHFRPSULVHVWKHPLQLPL]DWLRQRIFDUERQHPLVVLRQVDULVLQJIURPWKHFRQVWUXFWLRQDQG
RSHUDWLRQRIWKH:'17KHFDUERQHPLVVLRQVDUHFRPSXWHGEDVHGRQWKHSLSHLQVWDOODWLRQHPLVVLRQVJLYHQLQ7DEOH
DQGWKHHPLVVLRQVIURPWKHHOHFWULFLW\XVHGE\SXPSLQJVWDWLRQV7KHSURFHVVXVHGWRFRPSXWHWKHVHFDUERQHPLVVLRQV
LVH[SODLQHG LQ >@)LQDOO\ WKHPRGHODOVR LQFOXGHV VRPHFRQVWUDLQWVQRGDOFRQWLQXLW\HTXDWLRQVSLSHKHDG ORVV
HTXDWLRQV PLQLPXP SLSH GLDPHWHU IRU HDFK SLSH XVH RI D VHW RI FRPPHUFLDO GLDPHWHUV DQG DVVLJQLQJ RQO\ RQH
FRPPHUFLDOGLDPHWHUIRUHDFKSLSH>@
7KHPRGHODLPVWRGHWHUPLQHWKHGHVLJQDQGRSHUDWLRQGHFLVLRQYDULDEOHVQRWRQO\IRUWKHILUVWSHULRGEXWDOVRIRU
DOOWKHIXWXUHRSWLRQVWKDWFDQEHWDNHQDFFRUGLQJWRWKHGHFLVLRQWUHH7KHQHWZRUNGHVLJQIRUWKHILUVWSHULRGLVWKHRQH
UHTXLUHGQRZ6XEVHTXHQWGHFLVLRQVZLOOEHPDGHDFFRUGLQJWRIXWXUHRXWFRPHV7KHRSWLPL]DWLRQPRGHOSURSRVHG
KHUHZDV OLQNHG WR WKH(3$1(7K\GUDXOLF VLPXODWRU >@ WR YHULI\ WKH K\GUDXOLF FRQVWUDLQWV 7KHPXOWLREMHFWLYH
VLPXODWHGDQQHDOLQJPHWKRGGHVFULEHGLQ>@LVXVHGWRVROYHWKHRSWLPL]DWLRQPRGHO7KHUHVXOWVDUHVKRZQLQWKH
QH[WVHFWLRQ
5HVXOWV
6LQJOH REMHFWLYH RSWLPL]DWLRQPHWKRGV VHW RXW WR ILQG D XQLTXH RSWLPDO VROXWLRQ JOREDO RSWLPXP %XWPXOWL
REMHFWLYHDSSURDFKHVHVWDEOLVKDVHULHVRIHIILFLHQWVROXWLRQVNQRZQDV3DUHWRRSWLPDOVROXWLRQV7KHPXOWLREMHFWLYH
VLPXODWHGDQQHDOLQJPHWKRGZHSURSRVHXVHVDGRPLQDWLRQFRQFHSWWR ILQGWKHP7KHUHVXOWVDUHSORWWHGLQ)LJ
ZKLFK JLYHV DQ RYHUDOO YLHZ RI WKH 3DUHWR IURQW  VROXWLRQ YDOXHV VKRZQ 7KLV UHSUHVHQWDWLRQ UHVXOWV IURP D
YLVXDOL]DWLRQWRROSURSRVHGE\>@
7KHVROXWLRQVLQ)LJDUHVKRZQIURPGLIIHUHQWDQJOHVWRIDFLOLWDWHWKHYLVXDOL]DWLRQRIWKH3DUHWRIURQWVXUIDFH
7KH WUDGHRIIV EHWZHHQ WKH VROXWLRQV FDQ EH H[SORUHG LQ JUHDWHU GHWDLO XVLQJ WKH )LJ  SORWV ZKLFK VKRZ '
UHSUHVHQWDWLRQVRIWZRREMHFWLYHVDWLPH7KHVROXWLRQVWKDWGHILQHWKH3DUHWRIURQWEHWZHHQHDFKRIWKHSDLUVIRUWZR
REMHFWLYHVDUHLQGLFDWHGE\HPSKDVL]LQJWKHFRORURIFRQHVRIWKHQRQGRPLQDWHGVROXWLRQV)LJHQDEOHVXVWRGUDZ
VRPHFRQFOXVLRQV)LJDVKRZVWKDWLQFUHDVLQJWKHFRVWVSHUPLWVWKHK\GUDXOLFSUHVVXUHGHILFLWVWREHORZHUHGDQG
)LJEVKRZVWKDW ORZFDUERQHPLVVLRQVDUHDFKLHYHGE\WKHORZFRVWVROXWLRQV,Q IDFW ORZHUFDUERQHPLVVLRQV
UHVXOWIURPXVLQJVPDOOHUTXDQWLWLHVRIPDWHULDOVLQFRQVWUXFWLQJWKHQHWZRUNDQGIURPUHGXFLQJHQHUJ\FRQVXPSWLRQ
GXULQJRSHUDWLRQWKHUHE\UHGXFLQJWKHWRWDOFRVW)LJFVKRZVWKDWWKHK\GUDXOLFSUHVVXUHGHILFLWVDUHUHGXFHGE\
LQFUHDVLQJERWKWKHFDUERQHPLVVLRQVDQGWKHFRVWV


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
)LJ'LIIHUHQWYLHZVRIWKH3DUHWRIURQW

)LJ7ZRREMHFWLYH3DUHWRIURQWYLHZDQJOHV&RVWYV3UHVVXUHGHILFLWVD&RVWYV7RQ&2E7RQ&2YV3UHVVXUHGHILFLWVF
7KHUHVXOWVSUHVHQWHGLQ)LJDQGMXVWJLYHWKHYDOXHVIRUWKHWKUHHREMHFWLYHIXQFWLRQVIRUHDFKVROXWLRQ(DFK
RIWKHVHVROXWLRQVFDQEHGHWDLOHGDFFRUGLQJWRWKHZDWHUGLVWULEXWLRQGHVLJQIRUWKHGLIIHUHQWSRVVLEOHVFHQDULRV7KH
GHVLJQVRI WKUHHGLIIHUHQWZDWHU GLVWULEXWLRQ VROXWLRQV DUH JLYHQ LQ )LJ  IRU DOO WKH WKUHH VWDJHV DQG FRQVLGHULQJ
VFHQDULRRIWKHGHFLVLRQWUHH,QVFHQDULRDOOWKHSRVVLEOHH[SDQVLRQDUHDVDUHLQVWDOOHG
7KHZDWHUQHWZRUNGHVLJQVJLYHQLQ)LJIRUWKHWKUHHVWDJHVRIVFHQDULRDUHWKHORZHVWFRVWVROXWLRQDWKH
ORZHVWSUHVVXUHGHILFLWVROXWLRQEDQGWKHORZHVWFDUERQHPLVVLRQVVROXWLRQF7KHVHVROXWLRQVZHUHVHOHFWHGLQWKH
3DUHWRIURQW)LJWDNLQJLQWRDFFRXQWWKHORZHVWFRVWVROXWLRQ&RVWV23UHVVXUHGHILFLWV2P
&DUERQHPLVVLRQV27RQ&2WKHORZHVWK\GUDXOLFSUHVVXUHGHILFLWVROXWLRQ&RVWV23UHVVXUH
GHILFLWV 2  P &DUERQ HPLVVLRQV 2   7RQ&2 DQG ORZHVW FDUERQ HPLVVLRQV VROXWLRQ &RVWV 2
3UHVVXUHGHILFLWV2 P&DUERQ HPLVVLRQV2 7RQ&2 ,W LV SRVVLEOH WRSLQSRLQW VRPH
FRQFOXVLRQVIURP)LJ,QWHUPVRISLSHGLDPHWHUVROXWLRQDXVHVWKHVPDOOHVWSLSHGLDPHWHUV7KLVLVWKHVROXWLRQ
WKDWRIIHUVWKHORZHVWFRVWLGHQWLILHG&RQYHUVHO\WKHVROXWLRQZLWKODUJHSLSHGLDPHWHUVDOVRWKHPRVWFRVWO\KDVWKH
ORZHVWSUHVVXUHGHILFLWVE)LQDOO\WKHVROXWLRQZLWKORZFDUERQHPLVVLRQVLVORZFRVWEXWKDVKLJKK\GUDXOLFSUHVVXUH
GHILFLWVF,QIDFWWRUHGXFHWKHSUHVVXUHGHILFLWVLWLVQHFHVVDU\WRLQFUHDVHWKHSLSHGLDPHWHUVDQGRULQFUHDVHWKH
SXPSLQJ VWDWLRQ KHDG ZKLFK ZLOO LQFUHDVH ERWK WKH WRWDO FRVW DQG WKH FDUERQ HPLVVLRQV +RZHYHU WKHUH LV D
FRPSURPLVHEHWZHHQLQFUHDVLQJWKHK\GUDXOLFFDSDFLW\RISLSHVHLWKHUWKURXJKKLJKLQLWLDOLQYHVWPHQWRUE\LQFUHDVLQJ
WKHKHDGRIWKHSXPSVDQGVSHQGLQJPRUHRQHQHUJ\

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)LJ:DWHUQHWZRUNGHVLJQIRUVFHQDULR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
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&RQFOXVLRQV
7KLVZRUNXVHVD52VPXOWLREMHFWLYHDQGPXOWLVWDJHRSWLPL]DWLRQDSSURDFKIRUWKHGHVLJQDQGRSHUDWLRQRIZDWHU
GLVWULEXWLRQQHWZRUNV7KHSURSRVHGRSWLPL]DWLRQPRGHOLVLQWHQGHGWRPLQLPL]HWKHGHVLJQDQGRSHUDWLRQFRVWVWKH
K\GUDXOLFSUHVVXUHGHILFLWVDQGWKHWRWDOFDUERQHPLVVLRQV7KHDSSURDFKZDVDSSOLHGWRDFDVHVWXG\DQGWKHUHVXOWV
ZHUHSUHVHQWHGE\PHDQVRIDQDSSURSULDWHYLVXDOL]DWLRQWRRO$VHWRIVROXWLRQVZHUHREWDLQHGWRVKDSHWKH3DUHWR
IURQWZLWKGLIIHUHQWYDOXHVRIWKHWKUHHREMHFWLYHV7KH52VDSSURDFKDOORZVXQFHUWDLQW\WREHLQFOXGHGLQWKHGHFLVLRQ
SURFHVVE\VSOLWWLQJXSWKHSODQQLQJKRUL]RQWKHUHE\HQDEOLQJPLGFRXUVHDGMXVWPHQWVRUIXUWKHULQYHVWPHQWWREHPDGH
7KHVHDGMXVWPHQWVDUHGHILQHGLQDGHFLVLRQWUHHZKHUHGLIIHUHQWVFHQDULRVZLWKVSHFLILFSUREDELOLWLHVRIRFFXUUHQFHDUH
VWDWHG7KUHHSDUWLFXODU QHWZRUNGHVLJQ VROXWLRQV DUHGHWDLOHG VR WKDW WKH WUDGHRII EHWZHHQ WKHREMHFWLYHV DQG WKH
SDUWLFXODUSUDFWLFDOUHVXOWVFDQEHFRPSDUHG)URPDGHFLVLRQPDNLQJSRLQWRIYLHZWRROVRIWKLVNLQGZLOOKHOSGHFLVLRQ
PDNHUVWRXQGHUVWDQGWKHLPSDFWRIJLYLQJPRUHLPSRUWDQFHWRRQHREMHFWLYHUDWKHUWKDQDQRWKHU7KH52VDSSURDFK
LVLQWHQGHGWRJLYHDFHUWDLQDPRXQWRIIOH[LELOLW\WRGHFLVLRQPDNLQJ
$FNQRZOHGJHPHQWV
7KLVZRUNKDVEHHQVXSSRUWHGE\(XURSHDQ8QLRQWKURXJKSURMHFW'(6$),2XQGHUJUDQWDJUHHPHQWQR
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